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EFFECT OF ANNUAL GRASS FIRES ON ORGANIC MATTER
AND OTHER CONSTITUENTS OF VIRGIN LONGLEAF
PINE SOILS ' o - | o

’ - By 8. W. Gueexe?

Associate animal husbandman, in charge AleNeill (AMiss.) Experiment Nintivn,
Animal Husbandry Division, Burcan of Animal Tndustry, United States Depart-

ment of Agricullure
: INTRODUCTION

The winter burning of dead grass left unconsumed hy grazing ani-
mals from the growth of the previois season s & world-wide practice
of very ancient origin, particularly in humid regions where uncut
grass does not cure into palatable winter forage. By the use of grass
fires the Indians maintained open grazing lands for the bison and
pronghorn antelope, the largest herds of grazing animals that the
world lias known. This practice of the Indiand was eonstdered bene-
ficial to tlic land and was continued by white men, particulaty in
the humid Iongleaf pine regionu of the South, as a means of keeping
down the underbrush and improving the pasturage for cattle. In
the longleal pine region a large part of the virgin soil is burned over
ench year. Hilgard ({0, p. 499)2 wri ting of the lJongleaf area of
southern Mississippi, stated: . :

“The land  * * * affords but indifferent pasturage, except
the first season after burming-over; probably because of the effect of
the minute amount of ashes so. added.” o

Referring to the effect of grass fires on forest growth, Harper (8,
p. 668) in 1913 stated: B ; S

* * % fhey reture immediately to the soil the mineral piant foud stored up
in the leaves. The amount of the available plant food-in the soil of the pibe
forests is usually rather limited, and these frequent fires thus enable the pine o
dir business on 2 sisall amount-of capital, as it were.

The literature does not seem to record any conflict with tlie em-
pirical observations of the users of grass fires until recent, years, when
objections to the use of fires were made on the theoreticul basis that
the fires destroy organic matter and nitrogen to the detriment uf soil
fertility. The general unsupported argument against the use of fire
was stuted by Van Hise (24, p. 238) in 1910, as Tollows:

The fires do not simply confine themselves to the thnber, but they burn the
humus in the soil itself. = Frequently, after a great furest fire, and especially if
the fires Tun over the sume area two or three times, there is left of the suil, sand,
and other minerals, but little of the vriginal organic material.

Mattoon (16, p. 48) in 1931, states: : &
or “straw”, from pines coniain cansiderable nitrogen and sizall
smounts of phosphorie acid and polash. A ton might conduin these essential

fertilizing elements to the value of ¥2 to $4.  Aw unbarned pine woods miay have
as mueh as 10 to 13 tons [per acre] of leaves and vther organic matter.

The leaves,

L Received for publication Feh. 18, 1045 issued July, 1935 The dala reporiéd were abtained in o
cooperative grazing and reforestation experiinent condizeted at the AfeNeill Experiinent Station, MoXNeil,
Aliss., by the Bureaus of Animal JadusiTy and Plant Industry and the Forest service af the LU, 3. Erepattae
ment of Apticoliore, and the Mississippl Apriculiural Experiment Slution. :

2 The wriler is indebted to 11. /. Reed, furmerly of Lhe Bureur of hant Fndustry, whe speat eonsider-
able time in making the final legume coums. A cEnowieipinent is sde also to W, F. Hamd, Stute vhen-
ist of Mississippi, (o1 analyses ulsoils and for detertzinalions of the protein amd aslh coment of grasses,

3 Reference = miade by nunber (italici to Literuiure Cited, p. o201,
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However, Muattoon gives no basis for his statemenis and does not '
indicate any way in which organic matter and nitrogen, on top of 5|
the virgin soil, might be recovered in the soil for the use of growing =

plants.

RELATED INVESTIGATIONS

Alway and Rost (2), from experimental work in 1918-19, found
that burning did not influence the immediate fertility of the mineral
soil and concluded that any loss in productivity would depend on

the loss of nitrogen contained in the forest litter, since the mineral
clements are returned immediately to the soil by fire.  In later ex
periments Alway found that burning the forest floor as compared

with plowing under the natural litter had no significant effect on
erop production either immediately following (7) or over a series of

years.!

“Greene (7}, in 1929, sliowed that cattle made 44.4 percent "gren ter

agins on burned native grass pastures than on similar unburned pas-

tures over a period of 4 vears.

The literature in regard to the accumulation of humus and nitro-
gen in cultivated soils and their effect on crop production is volumi-
nous.  Sucl literature, however, is concerned exclusively with the
problem of green manuring, or the turning under of plant residues,
and does not consider the problem of humus and nitrogen or their
accurnulation in soils that have not been plowed and are to be han- -
died as virgin soils in forests or pastures where vegetation is either
burned or left to decay where it accumulates on top of the soil.

The emphasis placed by popular agricultural literature on the vale
of organic matter plowed under, without regard to the quality or
yuantity of the materinl to be turned under, has, no doubt, created

a tendency to overestimate the fertilizing value of vegetative growth ™
on virgin soils.  Morecover, the theoretical grounds on which dedue-
tions may be based are not always realized in practice. Such a
coneept for virgin soils.leaves out of consideration the methods by

which nature incorporates plant residues with the soil.

~ The importance of organic matter in the soil has always heen
recognized, but a sharp distinction must be drawn between orzanie
matter in the soil and on top of the seil.  According to Pieters (19),
organic matter on top of virgin soils may be incorporated with the

soll by the action of water or glaciers, by rodents, insects, earth-

worms, and micro-organisms, and by the sharp hoofs of grazing
animals, but chiefly by the decay of plant roots.”

Soil nitrogen in any form- is derived originally from the gaseous
nitrogen in the air and is a rather unstablé and transient material,
the wains and losses .of which are perhaps not vet fully explained.
Small quantjties of gaseous nitrogen, in forms available to plants,
are added to the soil by rainfall and by free-living micro-organisms,
but the-chief source of increase is through the action of the micro-
organisims  associnted with legumes. ]
found that 15.45 inches of rainfall in 1930 added 1.42 pounds of nitro- .
gen per acre.  No-measure of the quantity of nitrogen per acre fixed
by Iree-living organisms seems to have been obtained, and the effect
of this eluss ol organi-ms appears to be almost purely speculative, -

TUnpablished inforination

Finnell and Houghton (6)
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Nitrogen is an essential element of plant growth, and the nitrogen
content of the soil is closcly associated with the organic-matter con-
tent. Plants other than legumes, grown and left in Plice, do not add
nitrogen to the soil but transform seil nitrogen into organic nitrogen
with a loss to the soil in the process. Because of the known ability of
legumes to storé a considerable quantity of nitrogen extracted {rom
the air, in both the root and aboveground portions of the plant, the
maintenance or increase of nitrogen in virgin soils may depend Iargely
on _the charicter of the plant population. ' _ -

In annual legumes one-fourth to one-third of the total nitrogen
has been found by the Mississippi Agricultural Experiment Station

‘1o be in the portion of the plants below ground,? and in some perennial

legumes nearly hall of the nitrogen is in the underground portions
19 p. 74). ) _ ' L
Lyon and Bizzell (15), by lysimeter experiments, for a period of 15

years, in which the nitrogen added by rainfall and manure and re-

moved by the crops and in the drainage v uter was earefully measured,
found that in tanks contuining growing legumes there was an increase
of nitrogen in the soil equivalent to about 60 pounds per acre per year.

“When the tanks did not produce crops for 10 vears and then grew

nonlegumes for 5 years, the Joss of nitrogen from the soil was af, the
rate of about 25 pounds per acre per year, .

Sievers and Holtz (27) have shown that hoth the orghnic-matier
and nitrogen increase in soils is influenced by the nitrogen-carbon
ratio of the plants grown on the soil or turned under. - | o

In the mature stages of plants it has been shown by LeClerc and
Breazeale (12) and others that leaching of the minern] elements frou
plants in place oecurs in cousiderable quantities, but that leaching of

‘nitrogen is relatively unimportant. - ;

Soil nitrogen is decreased by the removal of crops which contain
nitrogen, by conversion into ammonia gas and waseous nitrogen
through the action of micro-organisms, both bacteria and fungi, and
by leaching.” o - ' o

‘Heck, Musbach, and Whitson, as reported by Clark (4), found that
the loss of organic nitrogen from munures on the ground in free circn-
lation of air 1s much more rapid than below ground. The sune rela-
tion between nitrogen in the aboveground and below-ground portions
of mature plunts would be indieated. o : N

Nitrite nitrogen, the form most available as & plant nutrient, is
readily soluble and 1s quickly leached away if not. taken up-by growing
plants. Lyon and Bizzell (14) have shown™thut the loss of nitrogen
by leaching was 17 times as nwich on uneropped land as on cropped
land.  Because of the loss of nitrogen both as amumonia and as nitrate
on uncropped land, the use of winter cover crops as well as summer
growing crops is generadly advocated to conserve nitrogen on tilled
soils in humid areas with wild winters. - On virgin soils a constant
maximwm growth of herbage is indieated to conserve soil nitrogen.

The foregoing references underlie the concept derived from the

- experimental data to be presented. Although fire has, no doubt, been

the most violent if not the most active ehemienl resction presént on
the soil of the vizgin longleaf pine region and is known to have a very
active influence on the plant population of virgin soils, ne Jdata other

3 Unpublished information.
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_collected on April 23,1929, about 3 months afte

Pereent for the unbwrned areas, or a ratio of about 1.2:1. Rils)
sponding figures for nitrogen eontent were 0.047 and 0.055, or o ratios -
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than the limited work cited have been found showing {he Infhience of

frequent or annual burning on the fertility of the soil, as compared
with protection from fire.

EXPERIMENTAL PROCEDURE

Atract of 320 acres of virgin lund near MeNeill, Miss,, reproducing
to longleaf pine about 20 years after the virgin thnber had been re-
moved, was feneed and divided into four experimental nreas in 19923,
Previously the land had been unfeneed apen range, subject to annual
or periodie burning and lightly grazed by cattle.  Sinee the fenced
el was a part of a Iarge area of open land with no natural barriers
to fire or grazing, it is believed that the areas as divided had received
uniform treatment before being fenced.  This aren is typical of the
rolling longleaf pine hills of southern Misstssippi. It has an elevy.
tion of 230 feet, and is well drained, as are the soils of the heavier type
1 longleal pine areas.

Two arcas of 150 acres each were grazed, one of which was burned

annually during winter or early spring, beginning in 1923 Two 10-
here areas were not grazed, and one of these was burned annually.
A detailed sojl ma p of the aren, made by the Bureau of Chemistry and
Soils of the United States Department of Agrieulture, was used ‘as an

aid in establishing the experimental areas and plots.
vo soil analyses were made at the beginning of the experiment,

since the studies undertaken concerned mostly problems of Torage

production.  Soil analyses were made later in seeking an explanation
of differences in forage growth under different treatments. Detailed
studies of the variations in the plant population were made annually.
. To determine the elfeet, on the soil, of hurning the grass annually
over d, considerable period of time, analyses were made of soil samples
rerowth had begun in -
the spring and during the season of flus]) growth, and on January 10,
1930, during the dormant period.  Asit was recognized thatindividual
samples might vary in cherjeal composition within a radius of g few
Teet, five random sumples were taken to g depth of 6 inclies for ench .
soll type, and these five were mixed thoroughly to form a composite
simple® In addition to the prineipal studies relating to’ organie
mutter and nitrogen content of the so1l, other tests dealt witl; density

of plant growth, maisture content, and micro-organisms in sojl from
burned and unburned areas, : .

EXPERIMENTAL RESULTS
(IRGANIC MATTER AND NITROGEN .

Table 1 shows ilie content of organic matter and nitrogen from
moisture=free samples of soil on the dates mentioned.

o samples (aken in April the average organic-matter content ofs _

sail from the burned areas was 3.17 percent as compared with 2.59

t0.9:1.: Although the samples collectéd in April showed a

I organic matter in favor of the burned areas in eacl
nstance, the proportion of nitrogen to organic matter was sométimes
B S

® Bl samples were collected by the Southern Forest Experiment Station of 1

he U. 8. Forest Service,
Sail analyses were mage by W. F. Hand, State chemist of M ississippi, '

Vol. 50, pe. 101
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TaBLE 1-—Organic matler ! gnd nilrogen in composile sawiples of mn’i\!nrefr(‘
sotls tuken Apr, 23, 1928, and Jan. 10, 1830, from soils sl.’bj(’(‘ltd Jor T oaml 8
years, respectively, 1o the treatnient Tu(hraf( o

APRIL Z, 12, 8

_\\1 PLES

Grayed area ' ngruzed area

R . .
Soil type ? (fine sandy lonrn) | Nurned Unbairmed Burned Unhurned
Organie ., Or;z_:micI S Urgunie! . Orgnnie To.
mutter |“SITORERS ayer |NVIFURER) )N er _El\llrngeu watler |-itregen
. Pnrem' Percent | Percent | Pereend § Percent’  Pereenl | Pereont § Percent
Orangeburg 4] 1. 031 PR 0. 050 247 [ 0otdh 2,43 A M0 -
Norfolk.. 3346 46 2.4 N+ ] 267 | Q5 . {3
. Ruston. Y] 053 230 . 050 3 l."l 2.y% R
! Kalmia 3.9 1 (U3 28y g I (%) 1) t)
E Avernpe. ... 347 LAHG 255 Lo 257 itys 2,465 NE
JANUARY 10, 1930, 3ANMPLES
Omngeburk,____--___-_-____ ] 0.06 026 Y12} 4 a7 2 HA 05
Narfolk . LK} K. (h R i N (s1
Rustou. 347 07 FRE) LM (- ) 2.2 JH
Kalmia_ .90 10 3. ia R m (J) &) {3)
Averace_ _._._......_.| 4.4 U7 267 .uA 1.05 7 9 5 S
L N 1

1 A nalvsis maile hy igniticn method.
-+ For deseription see soil survey b; Smith .md Carter (22
| 3No satnDle taken.
- in favor of the bumed areas and sometimes in favor of the unburned
areas. It'is known that the availuble nitrate nitrogen is taken up
J rapidly in the early flush of forage growth, A shple ealeulation from
the known vields and analyses of the {orage shows that the. difference

? in nitregen content for different areas, :xftm the growmg season had
1 ad_vnm'ed approximately. 90 days, may have been suflicient to he
i":. reflected in the analyses of the soil.

The soil- samples taken. Junuary 10, 1930, during the dormant
. ,])erm(l of plant growth for the region, were zc\pol]tmm of “samples
- taken Apnl 23; 1929, during the seuao_n of flush growth of the native
vegetation of the region wnd after about 3. months Uf the trmwinw :
S Season. ‘
= In the soil qnmploa taken in January, the variation in- orgnnlc
© matter and nitrogen from- burned and nnbmn(:[ arens during the
dormant period for plant growtl, as shown in Lihlc, 1, was re N)nub]\'
Ceonstant.  The average content of organie matter in- all bampi(,b from
burned arenswas4.32 1mrcent asc nmp.uml with 2.63 percent for the un-
burned areas, or a ratio of about 1.6:1. The corresponding average
differences in nitrogen content were 0.072 percent and (.048 percent,
or a ratio of 1.5:1.  The percentages of organic matter and nitrogen-
were in all cases higher on the burned areas,, The highest percent-
-age of organic matter from any unburned sample did not equal the
lowost from any burned sample.
 The differences in January hetween the burned mxd unburned areas
in both organic matter and nitrogen were of such magnitude as to be
SJgn:ﬁumL A difference in weiglit of 0.01 pereent in a moisture-iree
sample of soil to a depth of 6 inches would amount. to ‘1])])1()\1111‘1&‘1\7
155 poumis per acre, u(‘(‘()ldlnw to the weights (»f Massissippi ami
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Tasik 2—Yield per acre' of the predominaling grasses on ungrazed areas, burned
I i the predug 7 ¢ | g )

~ due chiefly to the reduction of stunds (smaller mumber of plants per
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given by Logan (£3).  In terms of nitrogen for soils that are deficient
m this element, a difference of 0.001 pereent, when analvsis is made
to the third decimal point, is significant.  The average differeniee in
percentage of nitrogen was_ 0.024 pereent (0.072—0.048), which .
represents approximately 400 pounds of nitrogen per aere, in favor
of burning.  This difference is equal in amount to the nitrogen in an
application of approximately 2,400 pounds of nitrate of soda, thie com-
mon nitrogenous fertilizer of the region,

The conclusion seems warranted that sainpling soils for nitrogen .-
during the growing season would give unrelinble comparisons for soils -
that are producing crops varying widely in quantity and quality, es- 7§
pecially for soils deficient or low in nitrogen, where the current supply i
of available nitrogen is a limiting factor for plant growth. Ty

With respect to the soil samples taken at a time of year when plant -

‘growth is practically dorninnt, and over a large area which previously
had been subject to~uniform treatment, it is reasonable to conclude
that thie differences i soil analyses were due directly or indirectly to
differences in the treatment while under control,

GROWTH OF PORAGE

Throughout the course of the experiment, the growth of forage in the
different arcas was observed annually on a series of more than 50
rectangular plots of 0.01 acre each. S

In 1930, after 8 years of annual burning as compared with complete
fire protection over the same period, weights were taken of fornge on i
hurned and unburned areus where neither had been grazed {table 2}, .
Two of the 0.01-zcre plots were used for-each of the two predominating
grasses, Andropogon scoparius (little bluestem) and .A. fener, where
they were mrowing in practically pure stands, and two plots for mixed
stands. These were sclected in the open, away from shade and only
a few vards apart on cach side of the fire line so that all conditions
would be the same except the factor of five. :

and wunburned, for & years

Green plant per sere

Kind of grass - -

Burned | Unhurned
ares drea

’ FPounds FPoupds
~Awidropogen seoparing PO 5.121 . 3,62
Adfener oo, . 8,47

1, 206
2.41%

AVerage ... . e e S S S 811 2,415

t The grasses were elipped abou! one-Eall inch abive the ground.

~ The differences in weight on the burned and unburned-areas were

acre) on the unburned plot, although there wasa reduction in the vigor
of growth on this plofl as shown by the characteristic spindly growth
ol plants that are required to grow through a muleh that reduces light
i the early stages of growth. . The average of the maximum heights
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of the plants on the plots studied in the burned area was 20 inches.
The corresponding figure for the unburned drea was 30 inches. From
~these studies it appeared that the density of the grass growth on areas
that were not burned was reduced from year to year by the smother-
ing or mulching effect of the dead debris of tlie grasses themselves.
On unburned areas wherc the grasses were [ wrther blanketed by
the “strawfall” from pine saplings, forage growth was almost com-
pletely climinated in the course of a few years. This reduction in
forage-growth through the action of dead debris on unburned land is
cumulative from year to year and is most rapid where thie forage is not
grazed by cattle. ,

Laird (11), working with five important sod-forming grasses under
pasture-conditions, found that approximately 50 percent of the dry
weight of the plants was in the root system and that most of the weight.
of the root was in the 8 inches just below the surface of thesoil.

On the experimental area 30 species of native legumes,” most of.
which are perennials, occur in considerable abundance. 1n 1931, after.
9 years of burning, counts of the legume plants were made in each of
the 0.01-acre plots in the four experimental aveas. From these counts
the] number of leguine plants peér acre wWas caleulated, as shown in
table 3. : :

TasLE 3.—Comparisen of legume plants on burred and unburned areas

Legume phints per acre
.- ol—

Treatment of urea

(trazed Ungrazed
. nrea area

Number Number E

Burned snnualiy i9 years). 35, 700 41, &0
Unburped_____. - 25,000 17, X}
8, FoH PAT L]

1}5tTerente « - oo as

‘From tables 2 and 3 it appears that the cumulative smothering
effect of unburned plant debris not only reduced the grasses on the
protected areas but also reduced the legumes to the extent thatafter
9 years of fire protection they were less than half as numerous as on
‘the area burned anwually over the samme peried, where neither area
had been grazed. - These countsconfirm observations made in Georgia
by Stoddard (23) and in Florida by Harper (9). 1n the grazed areas
the number of legumes on the protected plots also was materially less
though the difference was not so marked. . )

A strip survey® of the forage cover of the entire county in which the
experimental area.was located showed that the legumes were most
abundant on the well<drained soils. This observation confirms tliose
of previous investigaiors. , S ‘ "

The burned and ungrazed area had one more legume plant for ap-
_proximately each 2 square feet thun had the unburned and ungrazed
aren. The probable effect of this difference in legume population on
the quantity of nitrogen gathered from the air 1s obvious. 1t is also

: The seeds of 20 species found 2t MoNellt, Miss,, have been detennined by Studdanl (#} 1o be liuportant

rig
qusil feed. . . .
b A samling process bused o stiedies of representalive sangdl plots gt repular interval-.
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clear that doubling the plant growth per acre would gn atly incrense
the accumulation of organie matter in the soil {hrough decay of plant
roots. . '

CRUBE PROTEIN ANI} ASH IN FORAGE

It 1s to be expeeted that the difference in nitregen in soils from
burned and unburned areas, as shown in table 3, would he reflected

somewhat in s dilferenee in crude protein in forage from those areas.

The quantity of the protein 3 plants indicates the fertility of the
soil, particularly soil that is deficient in nitrogen. To compare the
farage from the bwrned and wnburned arcas for content of crude
protein, and also for ash, samples of the two predominating species
of grasses, Andropogon scaparivs and A. tener, were taken in 1929 and
again in 1931 after 7 and 9 years of burning and fire control, Tespee-
tively.  Composite samples were made by eutting and mixing the
eurrent growth from a farge number of random locations. ~ Samples
were taken from Aprilto dune during the flush of the early season’s
growth. - Table 4 presents a summary of the results obtained. No
sample from the unburned areas equaled the comparable sample from
the burned areas. ' : : '

Tanre 4—Comparisen of the avirage erude prolein and ash eonfent of moisture-
free sanples of grasses on burned and unburned areas

k] " - . ’ R Cl;UliB N :
Treatment of area protein Ashi
. . Percent Pereent
Burned annuaally (Fand 9 yearsy.. ... L ... W15 7.2
Unhurned. .. T . 84
Ditference. ..ol e e 238 1.06

A difference of 2.38 percent in.crude protein is sufficient to affect
the feeding value of the forage, and the sale value of commercial
feeds is determined-Inrgely by the difference in protein content. A
difference of 1.06 pereent in ash alse would affect the value of f orage
plants as feed (3, 20). : ' ) .

MINERAL FERTILIZING ELEMENTS

In 1930, afier § years of hurning and fire control, soil samples repre-
senting the four soil types in the burned and wnburned areas were
analyzed for their content of mineral elements, namely, aluminum
oxide, magnesium oxide, ealeinm oxide, potash, phosphoric acid, and
sulphur trioxide. The total guantity of these minerals in the ssh
was as follows: Burned areas, average of all smmples, 2.581 pereent;
unthurned areas, 1.899 pereent; difference in favor of burned nreas,
0.682 percent. -No sample from the unburned nress equaled the
comparable sample from the burned areas. : :

These analvses of the mineral fertilizing elements of the soil sub-
stantiate the statements of previous investigators, already presented,
that burning does not deplete the mineral fertility of the soil, but re-
turns it directly to the soil where it becomes quickly available for the

-growth of plants. - :
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the soil moistire is rapidly reduced.

laand* 2R ¢ I »- T -]

" Individual suniples collected during the growing se

were obtained to make more -than 200 composite
represented soil from the surface to a depth of 12
the burned and unburned areas.

Investigation are given in table 5.

wnburned areas, Apr. 2t et 9, 1931

1 STV e e e e
FE . ‘Preatment of arcu
E) .
¥ : . -
[ e
: ' .

¥ Unbnrned B

. Wi -Burned .

the burned and unburned aress, However, in

seemns warranted that the additional Orgame matter i
burned arcas must have ineressed their water-holdir
considerable extent. - This is further confirimed hy
minations of surface-soil samples tuken in May 1030

conserves moisture at the surface, and the sutmples
the data shown m table 6 were talken to o depth of 2

w o] Mayrsowes FKffect of Grass Fires on Organic Matter of Pine Suils ~ 817 -

) As a secondary influence of increased oreanic matter in the soil, it

. would be expected that soil mojsture would inerease hecause of the -
known water-holding capacity of organic matter i soil. : R
~The region under consideration has & heavy rainfall distributed
throughout every month of (he year, November having the minimin
amount. The average rainfall in November over a 27-yenr period was

.3 inches. _Ordinarily there is no deficiency in surface moisture except
on steep slopes or light sandy sails, although during periods of dronight

The data obtained on s0il moisture were based on samples repre-.
senting different soil types and varymg degrees of vegetative growth.

showed considerahle variation wiith no particular trend, Tn view of
the rather wide viriation in organic- matter for different sojl tvpes
and the patchy vegotutive growth on the unburned pasture, due to
spotted grazing, it was realized that the different conditions mighl.
give rise to unreliahle comparisons unless large numbers of samples
were taken. - Accordingly more than a thousand individial samples

Eacli of the composite samples was made up of from 5 10 10 indi-. :
vidual samples. taken within a radius ‘of about 10 feet. No saple :
was taken less than 24 hours after a painfall.  The results of this i

TABLE 5~ Aperdge rercentage of soil inoistitre. i samples of soil from burieed and
- ¥ 4 ) i :

Table 5 shows no significant difference in ¥ moisture content of

moisture data, the wide variation between plant growth on the burned
and unburned areas must be taken into aecount since a ton crop of hay
Per acre requires the use of nhout 250 tons of water during the period
of its growth (18). When the moisture taken from the sojl and trans-
pired by a much largér forage production is considered, the conelusion

of plant growth, and in December after the plant growth was mature.
The popular conception is that a mulch of litter on top of the soil

ason accordingly

samples.  These
mehes for hoth

Cumpmsite

(T arist 1rre
sunples.” M"N”r-"’_

N mber. Pereent
]

N
1y [T
sl 3

considering  the’

t the soils on the
Woeapneity toog
molsture deter-
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TanLE 6.—Soil motsture af burned and unburned areas af a depth of 1 inck
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Moy 21, | Der. 6, May 21, [ Tiec. S,
130 1930 ) 1430 1930

P

i N * Burged: Percenl | Percent || Unburaet: Perrent | Prreent
e Grazed. oL M3 111 CGhrazed.. ) . a4 nG
: : Ungrazed. .o ._._.__ 9.3 JER ] Unprazed . __..... .o 13.2

! Kainfall far the 30 duys ended May 18 was 3.25 inches and for the 30 days ended Dec. 5, 0.37 inches. ~ Of
these quantities 2.08 inches fel] on May 19 and 0.55 inch on Dec. 5. . :

Although the burned and ungrazed area produced a forage growth
more than double that on the adjacent unburned and ungrazed area,
i still maintained its moisture content and ended the growing season
with 1.7 percent more moisture, .

§ Merkle and Irvin (17) have shown that Inboratory results in the
4 © conservation of moisture by a malcl, where the sotl tubes are in con-

e s

tact with a water table, do not apply in practice to field conditions
‘ : wliere no such water table exists near the surface of the soil. In the
| ~ latier case, the conclusion seems warranted that the maintenance of
| ' s0il moisture on the burned areas was due to the increased organic
i1 matter in the soif, and that the muilel of accumulated debris on the
> unburned area did not have the effect popularly described.
Water absorbed by plant debris, in place on top of the soil, is subject
Lo the suine sharp division from soil moisture that has already been
made between organic matter on top of seil and that incorporated with
A the soil. Tt is obvious that any water absorbed by the Jitter is held
away from the seiluntil it is evaporated. 1t is obviousalso that evap-
oration is more rapid in the presence of free-air circulation than after
moisture is absorbed in the soil. However, the water absorbed directly
by the surface litter is a very small percentage of the total rainfall.
Samples of a 9-year aceumulation of three kinds of plant debris were 5|
carcfully removed from measured areas on the experimental tract and = ¢
air-dried.  The quantity of water they would ahsorb to the saturation
point was then deterniined by weight and ealeulated in terms of inches
of rainfall. Tt was found that the maximum quantity, 0.11 inch, was
absorbed by pine straw. Qak leaves absorbed 0.09 inch and dead
grass 0.05 inch. : s o
A muleh of plant debris in humid arees appears to affect the soil
nioisture ehielly by suppressing plant growth, which would tike up
moisture and transpire it through the leaves., The quantity of water
absorbed by sueh litter is so small that it would not inffuence soil
moisture to any appreciable extent, although it might absorb light
~showers and deprive surface-feeding plants of a temporary supply of
masture that would freshen plant growth in times of dry weather,
Such effects on pastures from showers are well known, It has already
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if been shown that accumulated litter did not raise the soil-moisture

i content even where it has suppressed plant growth about one-half. _
i Any effect popularly ascribed to a leaf litter, in this case did not com- - y
i pensate for the increased soil moisture held m an adjacent soil with a B
i ) higher organic-matter content, although the adjacent burned-over i
L so1l was supporting about twice the plant growth per acre. l
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. - SOIL FLORA

The micro-organisms of the soil are known to he greatly increased
by the additien of-organie matter, since the organic mitter furnishes
the energy and nitrogen necessary for giowth and reproduction.

 However, counts of $0il organisms vary greatly from time to time and.
Py G . e B 3 ;
are not a reliable index of soil fertility. The following counts are .

presented merely as being of interest. :
The average bacterial count per gram of soil in 1930 was 1,242,000
“for'thie buined and 857,000 for the unhurned arens. In only I sample
out of 11 did the count on an unburned sample execed that on the
corresponding burned sample.  The difference in favor of the bumed
samples was 383,000 organisms per gram of s0il. A larger nimber of
bacteria in the burned soil would be expected in view of the greater
amount of organic matter and nitrogen there, as shown by previous
analyses. Samples also were collected before aid after burning, for
the same season, Of 5 sets of samples compared in this way, 3
showed deereases in soil organisms alter burning and 2 showed in-
creases.  The Increases were so great on the two swmples, however,
that the average increase fulfowing the fire was 258,000 organisms per
gram of soil. ' - .
Coleman (5) has shown that the activities of soil organisms are
greatest at temperatures between 86° and 100° F. The-averige of
nine soil temperatures taken to u depth of 3 inches between March

16, 1924, and April 24, 1924, after a 3-vear accumulation of plant

dehris on the unburned area, was 782 for the humed area and 72.5°

“for the unburned area, or a difference of 5.5° in favor of the burned

area. It should be understood, of conrse, that the temperatires were
not taken on or near the days of actual burning, and that the higher
temperature was the nearer to the range of optimum temperatures,
Tlte results tend to account for the average higher hacterial counts
following burning. o '
DISCUSSION

Although the soil and topography in southern Mississippi vary some

what from those of other locations in the longleaf pine belt, the growtl
of grasses may be considered in general as typical for the entive area

~of well-drained Jands. In a region more than 1,200 miles in extent,

which onee grew one species of tree in almost pure stands, it would be
expected that factors influencing the growth of associated grasses and
legumes on the forest floor would he nearly eonstant enough to produce
in general a rather uniform herbage growth; and this growth is clearly
associnted with the effects of centuries of periodic grass fires. '
To say that burning the organie matter in the form of plant debris .
on the forest floor or on top of virgin soils tends to increase the organic

-matter and nitrogen content of the soil may seem paradoxieal. | Yet

it has been shown that the increase of organic matter in the soil 1s due
primarily to the décay of plaat reots and that incorporation of plant
debris with the soil to form humus is an extremely slow process. 1t is'
evident also that any factor that increases the number of plants per
acre will of necessity imcrease the formation of organic matter tlirough
the addition of reots to the soil, regardless of what hecomes of the
tops of the plants. In the experiments deseribed the annual use of
winter grass fires approximately doubled the growth of ungrazed
grasses and legumes per acre over that produced on similar arcas com-
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pletely protected from fire, and caused o (‘orrespomling increase in the
soil organie maiter to a depth of G inches.

The soils considered are relatively heavy soils for the region.  On
lighter anndy soil, where the veget: 1tive growth is much less don%f‘ the

reduetion in mei growth Uumwla fire pmtnrtmzl and the qtlbsequent -

offeet on the soil vmuld nooo-«smlv be a much slower process.

It has been pointed out that nitrogen in the soil is derived from
the gaseous form in the air, prineipally through the medium of bac-
tera associated with legumes, and that there is a constant loss of
soil nitrogen which must be replaced if the soil nitrogen is to be held
in balanee or increased.  In these experiments the annual use of
winter grass fires maintained a legume growth on an ungrazed burned

ATOH dhuut twice that on a similar arca protected fr()m fire, and the’

livpothesis seems entirely warranted that this increased lovumo pop-
ulation has eaused a corresponding increase of nitrogen on the burned
areas over that on theapburned arcas.  The dilference shown by soil

_analyses may be due, however, partly to an increase of nitrogen on

the burned areas and partly to a loss of nitrogen by leaching from the
unburned soils where the. current plant wrowth has heen greatly
redueced.

In studies of the effect of burning on mineral fertihizing ('-lemenls
there was a marked diflerence in favor of the burned
areq l)utu obtained on soil moisture showed no significant differ-
(‘n((“o, in_actunl moisture content, but the burned areas produced
Inrger yields of plant growth with _nttcndunt larger moisture require-
ments which evidently were supplied.  Data on “soil mlcro-orgamsms
indicate that burning tends to increase their number,

SUMMARY

Analyses of soils taken after § yemrs of annual’ Eriss hurmnﬂ' as
(()Illpdlt‘(i with complete fire protection on rolling lnmrlouf pine lﬂnd
in southern Mississippi showed 1.6 times as much organic matter in
the hurned-over soils as in the soils protected from fire. The burned-
over soils also contained 1.5 times as much nitrogen as the soils pro=
The greater quantities of organic matter and nitro~
aen apparently result chietly front roots rather than from tops of plants.

Whether plant debris was burned in place on top of the soil, or was
left. to rot in place on top of the soil, apparently bad no direct effeet
on either the organic-matter content or the nitrogen content of the
soil.  In both cases, the organic matter and nitrogen aboveground
were largely lost to the soil and the nonvoelatile mineral fertilizing

elements were returned, Jeaving orgariic matier and nitrogen increases. .
to he influenced by the am(mnt and ('ompuf-lt,mn of decayi ing plant .

roots,

Studies of grass and iotvumo growth on the areas for periods of §
andd O vears, ll‘h])(.(‘t[\ clv, “showed that the guantity of fornge zrowth
on the ungrazed burned sreas at the end of the pertod was more than
double that on the unburned areas.

account for the increase in soil organie matter to a depth of 6 inches.
The increased growth, on the bumod areas, of native legumes, their
ability to take nmogonrflmn the air, and the additional ‘growth of

other plants which take up soluble forms of nitrogen and. prevent -
feaching, apparently account for the increased amount of soil nitrogen. . *
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} The additional quantities of
plant roots decaying in the soil on the burnéd areas apparently
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The increase in organic matter and nitrogen on the burned arcas’
was reflected in the higher crude-protein content of the prinecipal

~ forage grasses that grew on bumcd areas ns coutrasted with the
unburned.
Anpual burning Ictu:ned the nonvolattlo fertilizing elements to

the soil munediato]y- this was shown in the analyses of both the soil

and the forage growth.

The m(‘reascd oTranie matter ﬂnd nitrogen m ih(, lnuncd —over solls

‘was refleeted in sn inereased muimboer of s0il. Hitere-organisins.
The accumulation of plant debris en top of the soil did not materi-

ally increase the soil moisture in spite of the fact that much greater .

amounts of water were required to. suppmt thv extra fornge growth on
the burned-over soils.

Organie matter- on top of the soeil absorbs a ]mrtmn (»f the rainfal
which is thus prevented from Juu']unn' the soil 101 the use of growing
plants,

On the forest floor or on virgin soils, that are not to be p]uwed,

sharp distinetion must be lnadv l)etu‘cen the value of organie matier

in the \()ll and organic matter in place on top of the soil.
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